The instability of the karyotype may play a role in the development of refractoriness of acute myeloid leukemia (AML) to antileukemic therapy. Therefore, in the current study cytogenetic analyses were performed in 117 patients with AML both at diagnosis and at relapse. Changes in karyotype were observed in 38% (36% of initially normal karyotypes, 39% of initially aberrant karyotypes). An evolution of karyotype, ie the acquisition of further aberrations in addition to those present at diagnosis, occurred more frequently in patients with unfavorable karyotypes at diagnosis as compared to all others (60% vs 32%, P = 0.0095). The duration from initial diagnosis to relapse was significantly shorter in cases with an evolution of the aberrant karyotype as compared to cases with no changes in the aberrant karyotype between diagnosis and relapse or with solely regression of aberrations at relapse (9.2 ± 4.4 vs 14.0 ± 8.5 months, P = 0.0081). In an additional analysis, another cohort of 120 patients with refractory and relapsed AML who were treated uniformly within the respective trial of the German AML Cooperative Group was analyzed cytogenetically at diagnosis and at relapse to further prove the prognostic impact of karyotype aberrations at relapse. Karyotypes were prognostically favorable, intermediate, unfavorable and not available in 8%, 50%, 17% and 25% at diagnosis and in 8%, 49%, 21% and 22% at relapse, respectively. Karyotype aberrations at diagnosis had no impact on response to therapy (P = 0.32) but influenced survival and event-free survival significantly (P = 0.03 and P = 0.02). In contrast, karyotype aberrations at relapse strongly influenced response to therapy (P = 0.05), survival (P = 0.01), and event-free survival (P = 0.002). These data suggest that the instability of the karyotype between diagnosis and relapse and thus karyotype aberrations at relapse in particular contribute to the refractoriness of AML to anti-leukemic therapy.
Introduction
Acute myeloid leukemia (AML) in most cases is associated with alterations of the DNA detectable at the cytogenetic and at the molecular level which are considered the basis of the pathogenesis of the disease leading to a stop of differentiation and an uncontrolled proliferation of the malignant cells. 1 In cases with balanced chromosome translocation specific fusion genes have been identified interfering with nuclear transcription factors which play an important role in cell proliferation and differentiation. [2] [3] [4] The mechanisms of the pathogenesis of AML with unbalanced chromosome aberrations and of AML with complex aberrant karyotypes, in particular, are less well understood and are believed to be the result of a genetic instability which still is to be defined. 5 Besides their role in the pathogenesis of AML karyotype aberrations are the most important independent factors determining the prognosis of patients receiving chemotherapy or stem cell transplantation for front-line or salvage therapy of AML. [6] [7] [8] [9] Hence, karyotypes are devided into three groups associated with a favorable, intermediate, and unfavorable prognosis with balanced aberrations like t(8;21), t(15;17) and inv(16)/t(16;16) comprising the favorable group and unbalanced aberrations involving chromosomes 5 and 7 as well as complex aberrations being part of the unfavorable group. In all groups, cases with multiple chromosome abnormalities occur in which the additional aberrations are considered secondary aberrations.
The occurrence of refractoriness of the disease to anti-leukemic therapy is the most important factor for the limitation of the prognosis in patients with AML. However, besides limited evidence for the involvement of specific genetic alterations interfering with intracellular drug transport 10 there is no concept for the development of refractoriness which is applicable to all patients with AML. Therefore, the current study aimed at defining the changes in karyotype abnormalities occurring in patients with AML between diagnosis and relapse and to provide evidence for their involvement in the development of refractoriness of the disease and thus their prognostic impact.
Methods

Patients
The analyses were performed in two cohorts of patients. The first cohort comprised prospectively analyzed patients with AML according to FAB criteria [11] [12] [13] [14] for whom cytogenetics were performed both at initial diagnosis and at relapse at the reference laboratory for leukemia diagnostics, Ludwig-Maximilians-University, Munich. The second cohort comprised patients being treated according to the current protocol of the German AML Cooperative Group for patients with refractory and relapsed AML. 15 Therapy consisted of sequential highdose cytosine arabinoside and idarubicin (S-HAI) regimen comprising cytosine arabinoside (AraC) every 12 h by a 3 h infusion on days 1, 2, 8 and 9 and idarubicin 10 mg/m 2 /day as a 30 min infusion on days 3, 4, 10 and 11, respectively ( Figure 1 ). Based on the results of a previous study comparing two dose levels of high-dose AraC, 16 patients younger than 60 years with refractory disease, early relapses following a first CR of less than 6 months, or second and subsequent relapses received AraC at doses of 3.0 g/m 2 per application while all other patients were treated with 1.0 g/m 2 AraC per single dose. All patients were randomly assigned to receive fludarabine in addition to S-HAI or S-HAI alone. Patients randomized for fludarabine received the drug at 15 mg/m 2 as a 30 min infusion 4 h prior to each AraC administration, ie twice daily on days 1, 2, 8 and 9. Schedule of the S-HAI regimen.
Cytogenetic analyses
Bone marrow or peripheral blood cells were cultured in RPMI-1640 medium supplemented with 20% fetal calf serum at 37°C for 24 h and 48 h. Unstimulated as well as cytokine stimulated cultures as described elsewhere were performed in parallel. 5, 17 Standard cytogenetic preparations were made, a modified chromosome-banding technique (GAG = Giemsa bands by acetic saline-Giemsa) was used, 15 to 30 metaphases were analyzed and classified according to the ISCN (International System for Human Cytogenetic Nomenclature).
Molecular analyses
Screening for an internal tandem duplication of the MLL gene and for length mutations of the FLT3 gene was performed as described previously.
18,19
Cytogenetic classification
Karyotype abnormalities were grouped according to definitions previously established for the German AML Cooperative Group first line trials. [20] [21] [22] [23] Aberrations classified prognostically favorable were t(8;21), t(15;17) and inv(16)/t(16;16), irrespective of additional aberrations. Unfavorable karyotypes included inv(3)/t(3;3), aberrations of chromosomes 5 and 7, t(6;9), aberrations of 11q23, aberrations of 17p, and complex aberrations (at least three structural and/or numeric aberrations). All other karyotypes including normal ones were classified intermediate.
Definition of change in karyotype
Based on the cytogenetic analyses at diagnosis and at relapse, seven categories of changes in karyotype were defined:
• normal→normal (normal karyotype both at diagnosis and at relapse); 
Study parameters
Response to therapy was assessed according to CALGB criteria. 24 CR was defined as a normal cellular bone marrow with normal erythroid and myeloid elements and less than 5% myeloblasts, and with peripheral blood counts of more than 100 000/l platelets and more than 1500/l granulocytes for at least 4 weeks. Patients with regenerated peripheral blood values but more than 5% and less than 25% myeloblasts were considered to be in partial remission (PR), as were patients fulfilling the bone marrow criteria of CR but without full recovery of peripheral blood platelet and/or white blood cell counts. Patients with persisting leukemic blasts in the bone marrow or blood or with leukemic regrowth within 4 weeks after initial response were considered as non-responders (NR). Patients dying within 6 weeks after the end of antileukemic therapy without evidence of leukemic regrowth were classified as early deaths (ED).
Survival and event-free survival were measured by the time from the beginning of treatment to death, documentation of persisting leukemia, or relapse, respectively.
Statistics
Numerical values were compared by the Fishe's exact test and by the Student's t-test. Response to antileukemic therapy was compared by an ordinal 2 -test. Survival and event-free survival were calculated according to Kaplan-Meier estimates. Comparisons were carried out using the log-rank test.
Study conduct
Prior to therapy all patients gave their informed consent for participation in the current evaluation after having been advised about the purpose and investigational nature of the study as well as of potential risks. The study design adhered to the Declaration of Helsinki and was approved by the ethics committees of the participating institutions prior to its initiation.
Results
Patients
Within the first cohort, 117 evaluable cases with cytogenetic data both at diagnosis and at relapse were included into the first part of the current analysis. In all patients the initial diagnosis was de novo AML according to FAB criteria. The median age of the patients was 58 years (range, 19 to 80 years). The median duration from initial diagnosis to relapse amounted to 11.9 months (range, 2.7 months to 7.8 years). In most cases changes of karyotypes did not result in a switch into a prognostically different cytogenetic group. Thus, karyotypes were rated prognostically favorable in 13 (11%), intermediate in 73 (62%) and unfavorable in 25 (21%), respectively, both at diagnosis and at relapse. In six cases (5%), however, the karyotype at diagnosis was rated intermediate at diagnosis and unfavorable at relapse.
Within the second cohort, 120 cases treated by S-HAI therapy for refractory or relapsed AML were evaluable for response to treatment and long-term outcome. In all patients the initial diagnosis was de novo AML according to FAB criteria. The median age of the patients was 55 years (range, 20 to 77 years). Seventeen percent had AML refractory to two induction courses, 21% had early relapses after a first CR of less than 6 months duration, while 41% and 18% had relapses after a first CR of 6 to 18 months duration and of more than 18 months duration, respectively. Two percent had second relapses. Karyotypes were prognostically favorable, intermediate, unfavorable and not available in 8%, 50%, 17% and 25% at diagnosis and in 8%, 49%, 21% and 22% at relapse, respectively.
Change in karyotype
A change in the karyotype was observed in 44 of 117 cases (38%, cohort 1) while no changes occurred in 73 cases (62%, Table 1 ). The frequency of changes in karyotype were similar for patients with a normal karyotype at diagnosis as compared to those with an aberrant karyotype at diagnosis (20 of 56 cases (36%) vs 24 of 61 (39%), NS). Changes in the karyotype were significantly more frequent in patients with unfavorable aberrations at diagnosis as compared to other cases (15 of 25 (60%) vs 29 of 92 (32%), P = 0.0095). The duration from Table 1 Distribution of karyotypes according to prognostic classification and according to type of change
initial diagnosis to relapse was significantly shorter in cases with an evolution of the aberrant karyotype or with an unrelated karyotype at relapse as compared to cases with no alteration of the aberrant karyotype between diagnosis and relapse or with solely regression of aberrations at relapse (9.2 ± 4.4 vs 14.0 ± 8.5 months, P = 0.0081; Table 2 ). There were no differences in the duration from initial diagnosis to relapse between cases with and without a regression of the karyotype aberrations. Also, in cases with normal karyotypes at diagnosis, this duration was not influenced by changes occurring at relapse (Table 2 ). In patients with a normal karyotype at diagnosis, however, relapses tended to occur earlier if balanced as compared to unbalanced translocations developed (9.7 ± 4.3 vs 13.9 ± 6.1 months, P = 0.13). There were no differences in the age distribution between the respective groups.
Cases with same aberrations at diagnosis and at relapse
Of the patients with the same chromosome aberrations both at diagnosis and at relapse, 21 had balanced abnormalities and 16 had unbalanced abnormalities including one case with complex aberrations (cohort 1). Within the group of 21 patients with balanced aberrations seven had an inv(16)/t(16;16), two had a t(8;21), and two had an inv(3). The distribution of aberrations within the group of 16 patients with unbalanced aberrations was heterogeneous.
Changes in cases with initially normal karyotypes
In seven patients with normal karyotypes at diagnosis, balanced abnormalities developed while in 13 cases unbalanced aberrations occurred at relapse (cohort 1). All balanced translocations encountered at relapse were abnormalities that do not resemble those frequently observed in patients with AML at initial diagnosis (Table 3) . Thus, balanced aberrations occurring frequently at diagnosis like t(8;21), inv (16) , and translocations involving 11q23 did not develop in patients with a normal karyotype at diagnosis. Within the 13 patients with development of unbalanced aberrations, five had a complex aberrant karyotype at relapse and four had a trisomy 8, while in the other cases aberrations were present that are usually detected rarely in patients with AML at diagnosis. In six of the total of 20 of these patients chromosome 6 was affected. With the exception of the cases with complex aberrant karyotypes, abnormalities usually associated with secondary AML at initial diagnosis, ie aberrations of chromosomes 5 and 7 
Table 3
Aberrant karyotypes at relapse in cases with initially normal karyotypes at diagnosis 46,XY,t(2;6)(p13;p22) [15] ; 46,XY [1] 46,XX,t(3;6)(p36;p11) [16] 46,XY,t(6;12)(q25;q11) [4] ; 46,XY [24] 46,XX,t(4;12)(q11;p13) [7] ; 46,XX [3] 48,XY,t(2;3)(q31;p21),+8,+8,t(10;17)(q22;q22),del(13)(q14q31) [13] ; 46,XY [12] 46,X,del(X)(q11),t(7;18)(q22;p11.2) [8] ; 46,XX [7] 46,XY,t(1;13)(q21;q14),t(2;22)(q11;q13) [9] ; 46,XY [7] 46,XX,der (19) [11] ; 46,XY [9] 46,XY,dup(2)(p13p25) [13] ; 46,XY [12] 46,XX,del(9)(q22) [7] ; 46,XX [9] 46,XX,add(6)(p22) [3] ; 46,XX [17] 48,XY,+8,+13 [2] ; 48,XY,del(6)(p21p23) [8] ; 46,XY [10] 46,XX,add(1)(p34),−4−6,+2xmar
[cp4]; 46,XX,add(3)(q27),−4,−5,−6,+5-6xmar [cp5]; 46,XX multiple sporadic aberrations 47,XY,+13 [17] ; 47,XY,dup(1)(q23q42),+13 [5] ; 46,XY [2] 45,XY,−7,add(17)(p11) [2] ;45,idem,add(11)(q23) [6] ; 45,idem,del(9)(p13),add(11)(q23) [6] ; 45,idem,del(3) (q25),add(11)(q23) [4] ; 46,XY [7] 49,XY,+8,+13,+19 [20] 47,XX,+8 [6] ; 46,XX [10] 45,X,−Y,t(10;12)(p13;q13),-17,+mar1,+mar2 [13] ; 46,XY [5] Cases with balanced translocations only are shown first followed by those with unbalanced abnormalities and complex aberrant karyotypes.
and aberrations involving 11q23, were not observed in these patients.
Changes in cases with evolution of initially aberrant karyotypes
In nine patients one or more aberrations were present at relapse in addition to the aberrations detected at diagnosis (cohort 1). Of these patients, three had balanced translocations only and four had complex aberrations at diagnosis (Table 4 ). There was no consistent pattern of the type of aberrations acquired at relapse. However, in contrast to the cases with an initially normal karyotype, in the cases with an evolution of karyotype, acquisition of a trisomy was observed only once and in no case was a monosomy acquired.
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Changes in cases with regression of initially aberrant karyotypes
In 10 patients with an aberrant karyotype at diagnosis, a regression of aberrations was observed at relapse (cohort 1, Table 5 ). Among these there were five cases with complex aberrations, in two cases inv(16) was diagnosed, and in the remaining three cases aberrations mainly comprised gains of whole chromosomes. The aberrations disappearing between diagnosis and relapse were mostly gains or losses of whole chromosomes or parts of them. In one case one of an initially doubled set of chromosomes had disappeared. There was no case with disappearance of a balanced translocation.
Changes in cases with both evolution and regression of initially aberrant karyotypes
There were four patients in whom both evolution and regression of initially aberrant karyotypes were observed (cohort 1). All of them had complex aberrations both at diagnosis and at relapse. There was no consistent pattern in the types of changes.
Cases with length mutations of the FLT3 gene or with internal tandem duplications of the MLL gene
In 16 patients length mutations of the FLT3 gene (n = 15) and/or internal tandem duplications of the MLL gene (n = 4) were detected at relapse (cohort 1). In all of them the same molecular alterations had been present at diagnosis. Nine of these patients had a normal karyotype at diagnosis which was normal (n = 6) or aberrant (n = 3) at relapse. In the other patients, the same cytogenetic aberrations were observed at diagnosis and at relapse (n = 3), or an evolution (n = 2) or a regression (n = 2) of the karyotype had occurred at relapse.
Impact of karyotype aberrations on prognosis
The impact of karyotype aberrations both at diagnosis and at relapse on the prognosis of the patients was analyzed in the second cohort comprising 120 cases. Separations of response rates according to karyotype aberrations at relapse resulted in significant differences while separation according to karyotype at diagnosis did not (Table 6 ). Rates of complete remission were highest in cases with favorable karyotypes and [20] 46,XX,del(7)(q22q32),t(8;21)(q22;q22) [6] ; 46,XX,der (1) 17)(q22;p13),del(6)(q23),t(8;21)(q22;q22),dup(15)(q11q26) [25] 46,XX,der(9)t(9;11)(p22;q23),der(11)t(9;11)(p22;q23)del(11) (p11p13) [15] ; 46,XX [5] 47,XX,t(11;17)(q23;q25),+20 51,XX,+5,+6,t(11;17)(q23;q25),+19,+20,+21 [18] ; 51,XX,+5,+6,t(11;17)(q23;q25),+19,+20,+21 [4] ; 46,XX [3] [17]; 52,XX,+5,+6,+8,t(11;17)(q23;q25),+19,+20,+21 [3] 47,XX,del(5)(q15q33),+11 [20] 47,XX,del(5)(q15q33),+11 [9] ; 47,idem,del(17)(q23) [9] ; 47,idem, add(7)(q3?4) [2] 46,XY,del(6)(q21q23) [18] ; 46,XY [12] 46,XY,dup(2)(q31q35),del(6)(q21q23) [15] ; 46,XY [5] 44,XY,der(1)t(1;5)(p36;q13),−5,−21,+mar [3] 44,XY,der(1)t(1;5)(p36;q13),−5,del(7)(q22),der (16) [7] ;44,idem,del(4)(q23q31),−7,−12,−16,+mar2 [10] 42,XY,der(5)del(5)(p15)del(5)(q13),−7,der(12)t(12;16)(p11;p11), 42,XY,der(5)del(5)(p15)del(5)(q13),−7,i(11)(q10),der(12)t(12;16) ins(12;5)(p13;q?q?),−16,−18, der(22;22)(p10;p10) (p11;p11), ins(12;5)(p13;q?q?),−16,−18, der(22;22)(p10;p10) [10] ; 42,idem,i(11)(q10) [7] ; 46,XY [3] [15]; 42,idem,t(1;11)(p36;p11) [4] ; 46,XY [1] Cases with balanced translocations only are shown first followed by those with unbalanced abnormalities and complex aberrant karyotypes. [3] 87,XXYY,del(1)(p13)x2,−2,add(3)(p25)x2,del(5)(q13q31)x2, 45,XY,del(1)(p13),add(3)(p25),del(5)(q13q31), add(6)(q27),−7 [4] ; add(6)(q27)x2,−7,−7,−16,−17 [cp13]; 46,XY [5] 90,idem x2 [6] ; 46,XY [5] 46,XY,der(10)t(10;16)(q26;p12)inv(16)(p13q22),der(16)t (10;16) 46,XY,der(10)t(10;16)(q26;p12)inv(16)(p13q22), (q26;p12) [9] ; 47,idem,+8 [2] ; 48,idem,+8,+21 [3] ; 46,XY [12] der(16)t(10;16)(q26;p12) [12] ; 47,idem,+8 [1] ; 46,XY [2] 46,XY,inv(16)(p13q22) [2] ; 47,XY,+8,inv(16)(p13q22) [1] ; 46,XY,inv(16)(p13q22) [1] ; 47,XY,+8,inv(16)(p13q22) [14] 49,XY,del(1)(q21),+8,+13,inv(16)(p13q22),+21 [4] ; 46,XY [8] 48,XY,+8,+10 [10] 46,XY [25] 48,XY,+8,+11 [10] ; 46,XY [5] 47,XY,+11 [16] ; 46,XY [4] 46,XX,dup(4)(q31.3q35) [3] ; 47,XX,dup(4)(q31.3q35),+21 [4] 46,XX,dup(4)(q31.3q35) [4] ; 46,XX [5] Cases with balanced translocations only are shown first followed by those with unbalanced abnormalities and complex aberrant karyotypes. -test: *P = 0.32; **P = 0.05.
Figure 2
Overall survival according to karyotype aberrations at diagnosis.
Figure 3
Event-free survival according to karyotype aberrations at diagnosis. lowest in cases with unfavorable karyotypes, mainly due to higher rates of non-response in the latter group of patients. Patients with unfavorable karyotypes at diagnosis had an inferior overall survival and event-free survival as compared to cases with prognostically intermediate or favorable karyotypes (7.8 months vs 5.2 months, P = 0.03; 3.2 months vs 1.4 months, P = 0.02; Figures 2 and 3 ). There were stronger differences for the respective comparison according to aberrations at relapse. Patients with unfavorable karyotypes at relapse had an inferior overall survival and event-free survival as compared to cases with prognostically intermediate or favorable karyotypes (7.8 months vs 4.1 months, P = 0.01; 3.1 months vs 1.2 months, P = 0.002; Figures 4 and 5 ). There were no differences in the prognosis for patients with prognostically intermediate karyotypes as compared to those with favorable ones at either time point.
Discussion
A genomic instability may contribute to the development of refractoriness of AML to anti-leukemic therapy. The results of the current study support this hypothesis and provide evidence for correlations between the currently used prognostic grouping of patients with AML according to the karyotype aberrations of their disease, the stability of these karyotypes and the duration of the interval from diagnosis to relapse. Hence, an evolution of the karyotype, which is considered to be related to genomic instability, occurred significantly more
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Figure 4
Overall survival according to karyotye aberrations at relapse.
Figure 5
Event-free survival according to karyotype aberrations at relapse. often in patients with unfavorable aberrations at diagnosis as compared to patients with favorable or prognostically intermediate aberrations. Furthermore, in these cases the duration of the interval from diagnosis to relapse was significantly shorter as compared to all other cases. In addition, the data on the prognostic impact of karyotype aberrations indicate that aberrations detected at relapse influence the prognosis more strongly than aberrations detected at diagnosis. This suggests that a change in karyotype between diagnosis and relapse may be of major relevance in this regard.
The types of changes in karyotype appear to be less significant as compared to the occurrence per se of an evolution of initially aberrant karyotypes. Along this line, as would have been anticipated, the acquisition at relapse of aberrations associated with an unfavorable prognosis occurred in patients with complex aberrations at diagnosis and not in patients with other karyotypes. In contrast, the other cases acquired abnormalities which are usually observed very infrequently at diagnosis or which at diagnosis are considered secondary abnormalities (eg trisomies). This is in accordance with the concept of karyotype evolution not only in patients with initially aberrant karyotypes but also in patients with initially normal karyotypes. This concept is further supported by the data on patients with alterations of the FLT3 or of the MLL genes which were consistently detected both at diagnosis and at relapse irrespective of the acquisition of additional cytogenetic aberrations at relapse.
Five previous reports have been published addressing this topic. In two preliminary ones, eight and six patients, respectively, have been analyzed cytogenetically at diagnosis and at relapse. 25, 26 Changes occurred in six of eight and in one of six, respectively, mostly being gains of trisomies. In the other three reports, 168, 103 and 60 patients, respectively, were analyzed at both time points. [27] [28] [29] Changes were reported in 52%, 61% and 28%, respectively, which is in the range of the 38% observed in the current series. Changes occurred in patients with initially normal karyotypes in 30%, 51% and 25% (current series: 36%) and in patients with initially aberrant karyotypes in 67%, 68% and 31% (current series: 39%). In the current series an evolution of the karyotype occurred more frequently in patients with unfavorable aberrations at diagnosis, which was also observed in the only other report providing detailed data (seven of 10 cases with evolution had unfavorable karyotypes at diagnosis). 29 In the previous reports, the acquisition of aberrations typical for secondary AML, ie aberrations of chromosomes 5 and 7 and aberrations of 11q23, or of t(8;21) in patients with normal karyotypes at diagnosis were reported in 25%, 7% and 0% (current series: 0%) which is also in accordance with the concept of karyotype evolution rather than occurrence of secondary leukemia being artificially diagnosed as relapsed disease. This is further supported by the types of aberrations frequently acquired being considered secondary ones when observed at diagnosis, ie trisomy 8, trisomy 13. Also in two of the reports, complex aberrant karyotypes appeared to be particularly instable. 28, 29 Contrasting patients with an evolution of karyotype, cases with aberrations independent on the initially diagnosed karyotype seem to have secondary or therapy-related AML.
Only one of the reports provided data on a comparison of the remission duration for cases with different types of changes; however, no differences were detected. 27 In contrast, the current series demonstrated that the evolution of aberrant karyotypes was associated with a significantly shorter interval from diagnosis to relapse as compared to other cases. This particular analysis, however, may not have been performed in the previous study. 27 The importance of changes in karyotype for the prognosis is further supported by aberrations detected at relapse influencing the patients' outcome more strongly as compared to aberrations detected at diagnosis. Recent analyses have proved the prognostic value of cytogenetics at diagnosis in patients undergoing salvage therapy; 8, 30 however, no conclusive data on the value of cytogenetics at relapse is available yet. Thus, the results of the current study strongly suggest the need to gain further data on karyotype changes between diagnosis and relapse and to analyze their prognostic significance.
The data discussed above may in total suggest that the differences of the prognosis in patients with normal karyotypes as compared to those with unfavorable aberrations are due to differences in the stability of the karyotype. Hence, in cases with more unstable karyotypes the acquisition of aberrations conferring resistance to anti-leukemic therapy may occur more frequently and may thus contribute to the manifestation of refractory disease. Additional cytogenetic and molecular analyses, in particular of genetic changes between diagnosis and relapse, are needed to better characterize the phenotype of refractory disease and to potentially derive novel treatment approaches from the insights gained.
